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PREFACE 
 

 
On October 10 to 12, 2011, The Electrochemical Society, Inc., held its first 
Electrochemical Energy Summit, E2S. The objective of the first E2S was to bring policy 
makers and researchers together to discuss what the world’s energy needs are and what 
answers electrochemical science and technology can provide. The first E2S consisted of a 
poster session, which provided an opportunity for scientists to present their solutions, a 
panel discussion made of representatives from the U.S.A., Japan, and Germany and a 
plenary lecture. 
 
The plenary lecture was delivered by Mark Verbrugge, Director of the Materials and 
Processes Laboratory of General Motors and was entitled “Energy and Personal 
Transportation”.  The panel discussion was lively and emphasized the need for education 
and discussions. A H2 fuel cell car was available for viewing by ProtonOnSite during the 
course of E2S. 
 
This issue of ECS Transactions presents a selected number of papers presented as posters 
at the summit.  The first E2S was well received and ECS hopes to continue this activity 
and engage policy makers and scientists in fruitful dialogues and to find solutions to 
address the world’s energy needs. The organizers of the summit hope that this activity 
will continue and become a tradition and a part of regular ECS meetings.    
 
The E2S was organized by the ECS Treasurer, Christina Bock, National Research 
Council of Canada, and ECS Secretary Johna Leddy, The University of Iowa. The 
meeting was supported by the Army Research Office and the extraordinary efforts of the 
staff and Executive Committee of the Electrochemical Society.  
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Study of Alkaline Water Electrolysis  
 

A. Manabea, T. Hashimotob, M. Kashiwaseb 
 

a Chlor-Alkali Div., Chlorine Engineers Corp., Ltd. Tokyo, 104-0044, Japan 
b C/A Div. Tech. Dept., Chlorine Engineers Corp., Ltd. Okayama, 706-0134, Japan 

 
Chlorine Engineers Corp., Ltd. (CEC) is special electrochemical 
company in Japan and was established in 1973, when mercury 
process of chlor-alkali industry was abandoned by Japanese 
government. Since then, CEC has accumulated electrolysis 
technology and has an interest for future hydrogen society. In the 
background, zero gap system was applied for cell evaluation of 
alkali water electrolysis based on CEC’s technology. A special 
electric collector for cathode was used to create zero gap without 
damaging the separator. Cell voltage was 1.76V at 40A/dm2, 80 
deg.C. Raney Ni alloy coating had advantage for oxygen over-
voltage. (100mV – 200mV saving against Ni metal) Thermal 
decomposition coating of cathode showed low hydrogen over-
voltage (around 100mV). Ion exchange membranes N117 and 
F8020 showed high cell voltage (over 2.2V) but high purity of H2 
gas (over 99.95%). Porous polyolefin film showed low cell voltage 
but had less durability. 

 
Introduction 

 
In these days, it is increasingly important to cut greenhouse gas emissions. The fuel cell 
vehicle is one alternative for reduction of CO2 emission. SPE type pure water electrolysis 
shows good performance for hydrogen generation(1). However, if we consider the actual 
amount of hydrogen used in fuel cells, hydrogen plants of large capacity will be required 
to satisfy the ultimate demand of hydrogen.  SPE type electrolysis would face real 
difficulty meeting such a large demand. Chlorine Engineers Corp., Ltd. (CEC) is one of 
the major electrolyzer manufacturers in the chlor-alkali industry and has great experience 
in cell design and cell technology. Alkaline water electrolysis is very similar to chlor-
alkali electrolysis. We (CEC) can apply our chlor-alkali cell technology to alkaline water 
electrolysis. Table I shows the comparison between PEM type water electrolysis and 
alkaline type one. 
 
Table I.  Comparison between PEM type and Alkaline type 

Type Electrode reaction Raw material Advantage Disadvantage
*Anode   High current density   Expensive catalysts

PEM-WE   H2O ---> 1/2O2 + 2H+ + 2e-   Pure water       -----> Compact   Short lifetime
Polymer Electrolyte Membrane*Cathode   Safe raw material(=water)   Hard to scale up capacity
Water Electrolysis   2H+ + 2e- ---> H2   High purity of product H2

*Anode   Easy to scale up capacity   High cell voltage
AWE   2OH- ---> 1/2O2 + H2O + 2e-   Pure water   Conventional technology      ---->Low current density
Alkaline Water Electrolysis *Cathode     in  Strong Alkali solution   Cheap initial cost   Dangerous chemical

  2H2O + 2e- ---> H2 + 2OH-        (KOH, NaOH etc.)   Long life   Treatment of alkali mist
  Atmospheric operation  
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Figure 1 shows the difference between chlor-alkali electrolysis and alkaline water 
electrolysis. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Comparison between Chlor-alkali and Alkaline water electrolysis 
 
In order to utilize CEC’s technology for alkaline water electrolysis, CEC applied its 
advanced cell concept and studied operating conditions and performance of each 
electrode and separator.  
 
Standard bipolar electrolyzer (BiTAC®) of CEC is shown in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Bipolar electrolyzer (BiTAC) of CEC 
 
 

Experimental 
 

Evaluation tests were carried out in 0.2dm2 and 1.0dm2 cells using 10-25wt% KOH 
at 40A/dm2 and 73 -79 degC. Pressure of cathode side is 100mmH2O, and that of anode 

 

*** Anodic Reaction :
          2Cl-   ----->   Cl2   +   2e- 

             (Chlor-Alkali Electrolysis)
          2OH-  ----->   1/2O2   +   H2O   +   2e-

             (Alkaline Water Electrolysis)

*** Cathodic Reaction :
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side is 50mmH2O. Anode and cathode cell chambers consist of Ni material and both 
electrode substrates are selected as Ni mesh.  

A zero gap system was applied for cell evaluation; that is each electrode surface 
directly touches the separator between anode and cathode. A special electric collector for 
cathode side was used to create zero gap without damaging the separator as shown in 
Figure 3. This spring collector is made from Ni and there is no need to weld the cathode 
mesh and collector for connection because many contact points reduce the total contact 
resistance. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.   Cathode, Anode and collector for cathode 
 

The study was carried out with a couple of anodes and many separators including 
ion exchange membrane. The picture of 1dm2 cell and a typical test flow are shown in 
Figure 4 for continuous operation.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.   Photo image and flow chart of 1dm2 cell 
 

Cathode mesh Anode mesh Ni spring collector for cathode
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Results and Discussion  
 

Best test result indicates that CEC’s zero gap system contributes to achieve a low 
cell voltage 1.76V at 40A/dm2, 80 degC.  However, some corrosion of Ni anode and 
short operation life of the separator were found in the system. 

 
Anode: Raney Ni alloy coating had advantage for oxygen over-potential. It showed 
100mV – 200mV saving against Ni base metal. 

 
Cathode: Thermal decomposition coating of mixed noble metal on Ni base metal showed 
low hydrogen over-voltage of around 100mV. 
 
Separator:  Cell voltage trend of each separator is summarized in Figure 5. In alkaline 
water electrolysis, it is apparently not necessary to have ion exchange function in 
membrane, but to compare the performance with other separators, ion exchange 
membranes were tested. Figure 6 shows the result of ion exchange membrane (Flemion® 
F8020)(2). It showed high cell voltage over 2.3V but low O2 content in H2 gas. Hydrogen 
purity was over 99.95%.  Figure 6 also indicates that ion exchange membrane has enough 
durability in alkali water electrolysis. The test results of polyolefin separator are shown in 
Figure 7. The cell voltages are very low, less than 1.9V at 40A/dm2. The voltage is one of 
the top level performances (1.76V), however, the separator faces to durability issue for 
long operation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5.   Screening test results of separators by 0.2dm2 cell 
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Figure 6.  Continuous operation-1 (separator: Ion exchange membrane) 
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Figure 7.  Continuous operation-2 (separator: Polyolefin membrane) 
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Zero gap operation: Small particles of grey precipitation were detected on the membrane 
and the edges of the anode surface when the cell was disassembled. It is thought to be 
some corrosion of Ni anode but is not yet clarified. 

 
In order to achieve good performance and long life of cell or electrolyzer, cell 

design concept is important, but anode and separator development are also key factors for 
improvements. Oxygen over-potential of the anode remains 300-400 mV using standard 
Ni base mesh. There is large scope for development. Long membrane life and low 
membrane IR drop are achievable using membranes of several types and thickness. The 
concept of CEC’s zero gap cell system does not damage membrane during operation. 
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Microbial Tango with Shewanella Oneidensis: Design Elements and Application of a Novel 
Renewable Energy Source Using Wastewater Containing Organic Compounds 

 
Harold Brausteina 

 
a Department of Molecular Microbiology and Biotechnology, Tel Aviv University, 

Ramat-Aviv, 69978, Tel Aviv, Israel 
 
 

Microbial fuel cells (MFC) gather the catabolic energy of 
microbial colonies and communities. For many years I been tested 
and improved various designs to create usable technology for real 
world applications with maximum efficiency and economic 
viability. A variety of microbes are being tested or peak 
performance in terms of metabolism, growth, and reductive 
potential, and mediator-less unction. MFCs are in the early stages 
of application with numerous goals for future research on the 
horizon. We produce electricity also, directly from degradation of 
organic matter – wastewater-containing phenols-in a microbial fuel 
cell (MFC). Like any fuel cell, a MFC has an anode chamber and a 
cathode chamber. The anaerobic anode chamber is most commonly 
connected internally to the cathode chamber by an ion exchange 
membrane, and an external wire that completes the circuit. 
Microbial fuel cells use wastewater as a fuel, or more generally a 
dilute solution of a variety of organic materials in water (like 
phenols and poly phenols). 
 

 
Introduction 
 
Whereas wastewater management was formerly focused on nutrient removal, research 
nowadays focuses on joint solutions for wastewater treatment and 
energy/resource revival. Microbial fuel cells (MFC) are a innovative generation of 
wastewater treatment that enable direct translation of the chemical energy of 
electron donors, such as waste organics, into electrical energy. The main benefit 
of MFC is the production of electrical energy but devoid of the unwanted formation 
of excess microbial sludge. It was confirmed that microorganisms successfully 
convert glucose (and in addition other organics) to electricity at rates and 
efficiencies, which are of interest to the environmental technologist 
Shewanella oneidensis is one of the best-known organisms that drive biocorrosion 
through dissimilatory iron reduction (1). 
Microorganisms that cause biocorrosion of metals, such as iron and stainless steel, are 
phylogenetically diverse, but are mainly sulphate-reducing, sulphur-oxidizing, iron-
oxidizing/reducing, manganese-oxidizing bacteria and bacteria secreting organic acids 
and slime (2). 
Ennoblement, the occurrence in which the open-circuit potential (Ecorr) is elevated to 
noble values (over 200 mV) has been observed in association with biocorrosion (3). 
The open-circuit potential or free corrosion potential is the potential of a corroding 
surface (in the absence of a net electrical current) and is measured in relation to a  
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reference electrode. Ennoblement is caused by biofilm formation and has mainly been 
observed for stainless steels in natural seawater ( 3, 4, 5 and 6). The observation that one 
type of bacteria can shift Ecorr of one metal in the positive  
direction while another type can shift Ecorr of another metal in the negative direction 
suggests that it might be possible to construct a bacterial battery that has a larger 
cell voltage than the same battery that does not contain bacteria. This has lead to the 
construction of microbial fuel cells (MFCs) (5). 
A microbial fuel cell is a device that converts chemical energy into electricity with the 
aid of electrochemically active microorganisms. Bacteria gain energy by the transfer of 
electrons from an electron donor (e.g. glucose) to an electron acceptor (e.g. oxygen, 
nitrate). The larger the difference in potential between the electron donor and the acceptor, 
the more energy that is generated and generally, the higher bacterial growth yield that is 
obtained. In a MFC, bacteria transfer their electrons towards an electrode i.e. anode, 
instead of towards their characteristic electron acceptor (7).On the other hand, 
microorganisms can also accept electrons from an electrode at low redox potentials (the 
cathode). For instance, Geobacter species accept electrons from the cathode for their 
anaerobic respiration ( 8). At present, the most-studied MFCs are those in which bacteria 
oxidize dissolved organic matter and transfer the obtained electrons towards the anode (9). 
 
 
1.2.1 Architecture 
 
Biogenic metals have oxidative or catalytic properties and can be used for the elimination 
of micropollutants from secondary effluent amongst other remediation applications. 
Hennebel and coauthors discussed the precipitation of biogenic manganese and iron 
species and the microbial reduction of precious metals, such as palladium, platinum, 
silver and gold, with specific attention to the application of these biogenic metals in 
innovative remediation technologies for advanced water treatment. In this fact sheet, the 
focus is on biogenic manganese oxides (BioMnOx) for the oxidative removal of 
pharmaceuticals and biocides and on biogenic zero valent palladium (BioPd) as a catalyst 
for the reductive dehalogenation of iodinated X ray contrast media (ICM). 
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Figure 1. Transmission electron microscopy picture of bacteria with zero valent 
palladium nanoparticles on their cell walls 
 
 
A typical MFC consists of an anode receiving electrons generated by the bacterial 
metabolism and a cathode, accepting the electrons from the anode. Subsequently, the 
cathode transfers the electrons to an electron acceptor such as oxygen (10) or nitrate (11). 
Thus, electrons flow from the anode to the cathode through an external electrical 
connection over a resistor. The anodic compartment is typically maintained under anoxic 
conditions whereas the cathode is suspended in an aerated solution or exposed to air. The 
anodic and cathodic compartments are separated by a semipermeable membrane that 
allows the migration of protons released from the oxidation of the organic matter, from 
the anodic towards the cathodic compartment (10). 
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Advantages of electricity production by MFCs 
 
The direct transformation of energy to electricity results in a high conversion efficiency 
(12). For instance, Rabaey et al.(13) reached up to 80 % glucose-topower transition 
efficiency with a consortium originating from methanogenic sludge and mainly 
consisting of facultative anaerobes. Chaudhuri & Lovley (14) recovered 80 % of 
the electrons, derived from sugar oxidation, as electricity by a pure culture of Rhodoferax 
ferrireducens. Moreover, MFCs operate at room temperature which lowers remarkably 
the heating costs e.g. as required for hydrogen gas oxidation (8, 12 ) 
In addition, the oxidation of organic matter only releases fixed carbon into the 
atmosphere which avoids the treatment of off-gases (8, 10). 
One of the major promising applications of MFCs is the generation of electricity from 
biowastes (e.g. wastewater) and organic matter (e.g. present in marine sediments) (8, 10), 
and thus MFCs represent a source of green energy. 
Also, MFCs have potential for widespread applications at remote locations or in 
developing countries (12). Lovley (10) suggested that MFCs, of which the anode is 
embedded in anaerobic marine sediments while the cathode is put in the overlying 
aerobic seawater (BUGs; Benthic Unattended Generators) can provide electricity to 
analytical tools at remote locations such as the ocean floor.  
A MFC has no substantial intermediary processes as microorganisms directly transfer 
electrons from or towards the electrode. This makes MFCs the most efficient biological 
electricity producing process (8). However, the power output of MFCs is still low (8, 15, 
16, 17) 
 For instance, approximately 26 mW/m2 (electrode surface) is obtained with a BUG (18). 
On average, a MFC fed with wastewater produces 40 W/m3 (reactor volume) (19). Up to 
now, one of the highest power outputs (228-248 W/m3) was reached by connecting 
stacked MFCs that were fed with wastewater (15). 
In contrast, conventional anaerobic digestion based bioconversion processes, which 
produce biogas, can yield power outputs twice as high (19). 
One of the major challenges for the next years is the processing of waste and wastewater. 
In order to sustain an ever-growing world population, we will have to use the waste 
instead of disposing it ( 20). The ideal scenario is to produce energy from waste, the so-
called ‘from foul to fuel’ principle (21). Wastewaters, e.g. industrial wastewaters from 
food-processing industries and breweries or agricultural wastewaters from animal 
confinements, have a high energy value due to the high levels of degradable organic 
matter and thus constitute an ideal substrate for energy generation ( 20). 
Several biological processes may be applied to recover energy including methanogenic 
anaerobic digestion and biological hydrogen production. MCFs provide yet another 
energy harvesting strategy (20). The amount of sludge generated by MFCs is 
significantly lower than in traditional treatments as the bacterial growth yield is lower 
(8,22) and aeration can be omitted as the cathode can be passively aerated by placing it in 
the open air (12). 
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The elimination of aeration in MFCs is very important as traditional wastewater 
treatments are expensive due to the large amounts of energy needed for aeration ( 16). 
Liu et al. (16) were the first to generate electrical current from domestic wastewater using 
a single-chamber MFC while simultaneously executing biological wastewater treatment 
i.e. the removal of the chemical oxygen demand. The chemical oxygen demand (COD) 
indirectly measures the organic compounds in water. In fact, it is the amount of oxygen 
needed to completely oxidize the organic compounds. Electricity generation by a MFC 
proved to be feasible as up to 80 % of the COD was removed and electricity was 
produced (16). Since this study, the electrical current production and bacterial 
populations associated with the electrodes were studied for MFCs fed with different types 
of waste such as wastewater from a potato-processing factory and a hospital (15), 
artificial wastewater supplemented (or not) with electron donors (23,24 and 25), sludge 
from wastewater treatment plants (26, 27, 28 and 29), swine wastewater (30), urban 
waste (31)and organic waste (32). In all cases, electricity was produced and was 
maintained for long periods e.g. ranging from two (24) to five years (32). 
We realized a MFC based on Schwanella Oneidensis, doing several optimization steps to 
improve the wastewater purification yield and the electricity production. 
 
 
Experimental Procedures 

Biofilm generation 
 
A cathodically polarized electrode was placed in natural aerated seawater as described 
elsewhere (33,34). Current manufacture on all polarized samples was regularly measured 
and recorded. The current increased and stabilized at 0.5 A / m2 in less than 10 days. 
Microscopic analysis using an Olympus BX41 epifluorescence microscope coupled with 
an UV filter block for DAPI showed biofilm formation on the cathode. 
 
Isolation procedures 
 
The biofilm was removed from the stainless steel cathode by sonication (BransonTM 
3200) (90 s) in a sterile plastic tube containing 30 ml of 0.85 % NaCl solution. These cell 
suspensions were used for the construction of a clone library (see below) and for 
cultivation experiments. 
Diluted cell suspensions (10-1 to 10-6) were inoculated onto 3 different isolation media 
in order to isolate the heterotrophic cultivable microbial fraction of the marine biofilms: 
Marine Agar (MA) (DifcoTM 2216), R2A (DifcoTM) and TrypticaseTM Soy Agar 
(TSA) (BBLTM). The inoculated media were incubated aerobically at 20 °C for several  
days. Pure cultures were obtained from all 3 different growth media and isolates were 
stored at – 80 °C using MicroBankTM vials. 
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FAME analysis 
 
All isolates were grouped and tentatively identified using whole cell fatty acid methyl 
ester analysis (FAME) as described by Mergaert et al. (33). The isolates were grown 
routinely on TSA for 24 h at 28 °C or on MA for 48 h at 20 °C if they failed to grow in 
the former conditions. The obtained FAME profiles were grouped by the unweighted 
pair-group method using arithmetic averages (UPGMA) and relying on the Bray-Curtis 
coefficient using the BioNumerics 4.61 (Applied Maths, Belgium) software. The Bray-
Curtis coefficient is defined as follows (Bray & Curtis, 1957, Clarke et al., 2006): 
 

 
 
i is the relative proportion of a fatty acid which is compared across samples j and k. 
Clusters were delineated on the basis of at least 70 % profile similarity. The isolates were 
cautiously identified by comparing their FAME profiles to a commercial database. 
 
 
16S rRNA gene sequence analysis 
 
16S rRNA gene sequence analysis was performed on selected representatives of each of 
the FAME clusters to elucidate their exact taxonomic position. Almost-complete 
sequences were obtained using the universal primers pA (5’ AGA GTT TGA TCC TGG 
CTC AG 3’) and pH (5’ AAG GAG GTG ATC CAG CCG CA (Edwards et al., 1989) as 
described previously (35). For some isolates, only partial 16S rRNA gene sequences were 
generated using the universal primers pA and pD (5’ GTA TTA CCG CGG CTG CTG 
3’) as described by Coenye et al. (36). The FASTA software was used to find the most 
similar sequences in public databases. The 16S rRNA gene sequences were aligned using 
the CLUSTAL_X (37). Finally, neighbour-joining dendrograms (38) were constructed by 
the BioNumerics 4.61 software. 
 
 
Construction of a clone library 
 
A clone library of the 16S rRNA genes was constructed in order to investigate the 
microbial diversity by means of culture independent analyses. 
Cell suspensions (see above) were centrifuged at 13 000 rpm for 15 min. The resulting 
cell pellets were suspended in 750 �l of TNE (100 mM of Tris-HCl pH 8.0; 50 mM of 
NaCl, 50 mM of EDTA pH 8.0) and 50 �l of 10 mg / ml lysozyme solution was added. 
After 10 min incubation at room temperature, 0.5 g of glass beads was added and cells  

[1] 
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were lysed by bead beating (3 times 30 s at 1.25 rpm) (RetschTM). Subsequently, 100 �l 
of SDS and 100 �l of sarkosyl were added to the tube. Proteinase K (50 �l of 20 mg / ml 
solution) was added followed by incubation at 50 °C for 1 hour. Afterwards, 1 volume of 
phenol:chloroform:isoamylalcohol (25:24:1) was added, mixed thoroughly and 
centrifuged for 10 min at 13 000 rpm. 
Subsequently, the supernatant was transferred to a new eppendorf tube and 1 volume of 
chloroform:isoamylalcohol was added. The suspension was mixed thoroughly and 
centrifuged for 10 min at 13 000 rpm. The DNA present in the aqueous phase was  
precipitated by addition of 0.8 volumes of isopropanol followed by centrifugation at 13 
000 rpm. The DNA pellet was resuspended in 50 �l of water and stored at – 80 °C. 
Bulk 16S rRNA genes were amplified using the primers F27 (5’- 
AGAGTTTGATCCTGGCTCAG-3’) and S17 (5’-GTTACCTTGTTACGACTT-3’). The 
PCR mixture (25 �l) consisted of 2.5 �l of 10 X PCR buffer, 0.5 �l of 10 mM dNTPs, 0.4 
�l of 10 �M forward primer (F27), 0.4 �l of 10 �M reverse primer (S17), 1 U of DNA 
polymerase (Sigma) and 2 �l of DNA solution. The thermal cycle used was: 1 cycle at 95 
°C for 5 min, 35 cycles at 95 °C for 30 sec, 53 °C for 30 sec and 72 °C for 1.75 min 
followed by a final extension step of 10 min at 72 °C. The integrity of the PCR products 
was verified by electrophoresis on a 1 % agarose gel. Bands of 1.5 kb were purified from 
the gel using the Qioquick gel extraction kit (Qiagen) and finally eluted in 45 �l of TE-
buffer (1 M of Tris HCl pH 8, 500 mM of EDTA pH 8). 
The 16S rRNA gene fragments were ligated in a pCR®-XL-TOPO® vector using the 
Topo XL cloning kit (Invitrogen) according to the manufacturer’s instructions. The 
clones were stored at - 80 °C using DMSO as cryoprotectant. Ten percent of the clones 
were randomly selected for 16S rRNA gene sequencing. In order to check if the clone 
library was fully identified, the number of operational taxonomic units (OTUs) was 
plotted against the number of clones. An OTU was defined as a group of clones sharing 
at least 98.0 % sequence similarity. 
All 16S rRNA gene sequences obtained from the isolates and the clones were used to 
construct a neighbour-joining dendrogram. 
Denaturing Gradient Gel Electrophoresis (DGGE) of PCR-amplified bulk 16S rRNA 
genes DNA was extracted as described above and the V3 region of the bulk 16S rRNA 
genes was amplified by PCR as described by Muyzer et al. (39). The obtained PCR 
amplicons were separated by electrophoresis on a polyacrylamide gel with an increasing 
gradient of denaturants (39). Following staining with SYBR® Gold (Invitrogen) and 
visualisation with UV illumination, the DGGE fingerprint gel was numerically analysed 
using the BioNumerics 4.61 software. The DGGE fingerprints were clustered using 
UPGMA and relying on Pearson product-moment correlation coefficient. 
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Results and Discussion 
 
Of the three growth media tested, MA yielded the largest number of isolates (3.6 x 105 
cfu/ ml) and the highest diversity of morphotypes. Growth was also observed on TSA 
(2.0 x 103 cfu/ml) and R2A (1.7 x 103 cfu/ml) and was more uniform compared to MA.  
In total, 356 isolates, representing the morphological diversity of all primary isolation 
plates, were picked up: 77 % from the MA isolation medium, 14 % from TSA and 9 % 
from R2A. Whole cell fatty acid analysis was first used to group isolates with similar 
FAME profiles and as an approximate identification approach (40). Numerical analysis of 
the obtained FAME profiles grouped the 356 isolates in twenty FAME clusters sharing at 
least 70 % profile similarity. Fourteen isolates had unique FAME profiles and clustered 
separately at the 70 % similarity level. The FAME clusters comprised 3 to 91 isolates 
(Table 2.1). The majority of the isolates were identified as Gram-negative bacteria 
representing 11 of the 20 FAME clusters (60.8 % of all isolates), while 9 FAME clusters 
represented Grampositive bacteria (35.3 % of the isolates). In addition, 5 of the 14 
isolates with unique fingerprints were identified as Gram-negative bacteria and 6 isolates 
as Gram-positive bacteria. Three isolates gave no match to the commercial database but 
Gram-staining demonstrated that all were Gram-positive bacteria (Fig. 2.1). 
Comparison of the obtained FAME profiles to a commercial database yielded 
identification scores that were relatively high for the isolates of two FAME clusters: 
FAME cluster VII with identification scores of 0.723 + 0.204 and FAME cluster IX with 
identification scores of 0.747 + 0.157. Isolates of both FAME clusters were identified as  
 
 
Bacillus strains 
 
 In contrast, the FAME identification scores were low (typically less than 0.550) for 
isolates of all the other FAME clusters (Fig. 2.1). 
The isolates belonged to different phylogenetic groups including the Alphaproteobacteria 
(FAME cluster IV), Gammaproteobacteria (FAME clusters I, II, XIV, XVI – XX), 
Firmicutes (FAME clusters III, VI – IX), Actinobacteria (FAME clusters V, X, XI) and 
Flavobacteriaceae (FAME cluster XII). Of the isolates that grouped separately, four were 
tentatively identified as Gammaproteobacteria, three as Firmicutes, three as 
Actinobacteria and one as Flavobacteriaceae. Finally, isolates belonging to FAME 
clusters XIII and XV and four isolates with unique positions remained unidentified 
(Table 2.1). 
In order to obtain a more accurate identification at least one representative isolate per 
FAME cluster was selected for 16S rRNA gene sequence analysis (Table 2.1, Fig. 2.1). 
Comparison of the obtained 16S rRNA gene sequences with public databases confirmed 
that the diversity among the isolates was high and generally also confirmed FAME based 
identification. 
The 16S rRNA gene sequence similarities between representative isolates and the type 
strains of their closest phylogenetic neighbours ranged between 96.6 % and 100 %, which 
suggested that several isolates represented novel bacterial species (Stackebrandt & Ebers, 
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2006). FAME clusters I and IV isolates have been investigated in detailed taxonomic 
studies and indeed comprised several bacterial taxa (Vandecandelaere et al., in press and 
unpublished results). 
FAME clusters XIII and XV isolates, which could not be identified by FAME analysis, 
were identified as Winogradskyella poriferorum with 99.5 % sequence similarity (Lau et 
al., 2005) and as Exiguobacterium sp. with 98.9 % sequence similarity (Collins et al., 
1983), respectively (Fig. 2.1). 
Genus level identification was the same in both analyses for strains representing 8 FAME 
clusters, comprising 96 of the 342 isolates (FAME clusters II, III, VI, VIII, IX, XIV, XIX 
and XX). For strains of the remaining 12 FAME clusters (I, IV, V, VIII, X, XI, XII, XIII, 
XV, XVI, XVII and XVIII) representing 245 of the 342 isolates, the identification results 
only correlated at the higher taxonomic levels. Several reasons may account for this 
discrepancy. Many of the isolates represented environmental bacteria or novel species for 
which there are no reference profiles in the commercial databases. In addition, many of  
the isolates failed to grow in the standard conditions for use of the MIS database. Finally, 
it is generally known that FAME analysis often yields only approximate identification 
results (40). 
In general, when low (< 0.4) identification scores were obtained the tentative species 
identification results proved unreliable as revealed by 16S rRNA sequence analysis. In 
contrast, when high (> 0.4) FAME identification scores were obtained, the results of 
FAME 

ECS Transactions, 41 (31) 9-26 (2012)

17



Table 1: Summary of the FAME and 16S rRNA gene sequence identification results of 
the 356 marine isolates. 
°: Accession numbers of the isolate and of the type strain are given, respectively 
*: Number of isolates of this FAME cluster 
§: Average identification score and standard deviation for all isolates within a FAME cluster 
¶: The strain number of the isolate for which the 16S rRNA gene sequence was determined, the length of 
the 16S rRNA gene sequence and the percent of 16S rRNA  
gene sequence similarity between the isolate and the phylogenetic nearest type strain of an established 
species 
‡: UC: unclustered isolates 
FAME Cluster FAME Identification 16S rRNA gene sequence identification Accession numbers* 
I (n = 68)* Gammaproteobacteria (0.366  ± 0.190)§ LMG 240781(1501 bp, 97.9 % Alteromonas macleodi LMG 2843T)¶ 

LMG 24081(1426 bp, 99.5 % A. macleodii LMG 2843T) 
LMG 24080(1377 bp, 99.6 % A. macleodii LMG 2843T) 
LMG 24083(1470 bp, 99.5 % A. macleodii LMG 2843T) 
LMG 24082(1425 bp, 99.7 % A. macleodii LMG 2843T) 
R – 25514 (1517 bp, 99.4 %, Pseudoalteromonas spongiae JCM 12884T) 
R – 25603 (1520 bp, 98.6 %, Pseudoalteromonas rutherica LMG 19699Y) 
R – 26197 (1028 bp, 97.7 %, Pseudoalteromonas allena LMG 22059T) 

AM885866 / X82145 
AM885867 / X82145 
AM885868 / X82145 
AM887685 / X82145 
AM885870 / X82145 
AM944021/ AY769918 
AM944022 / AF316891 
AM944023 / AY387858 

II (n = 5) 
III (n = 4) 
IV (n = 91) 

Gammaproteobacteria (0.441  ± 0.221) 
Firmicutes (0.204  ± 0.093) 
Alphaproteobacteria (0.316  ± 0.132) 

R – 25580 (1472 bp, 99.7 %, Acinetobacter johnsonii DSM 6963T) 
R-25575 (1061 bp, 99 %, Bacillus drentensis LMG 21831T) 
LMG 24366T(1396 bp, 98.9 % Leisingera methyolandivorans LMG 23656T) 
LMG 24365T(1426 bp, 97.1 % Phaeobacter gallaeciensis LMG 23163T) 
LMG 24367T(1398 bp, 96.6 % Ruegeria atlantica LMG 23161T) 
LMG 24372 (1343 bp, 99.9 % Ruegeria mobilis CIP 109181T) 
LMG 24369T(1343 bp, 98.1 % Phaeobacter daeponensis  LMG 23139T) 
R-26162 (234 bp, 99.1 %, Ruegeria pelagia HTCC 2662Y) 
R-26145 (255 bp, 99.2 %, R.  pelagia HTCC 2662Y) 
R-26160 (410 bp, 97.3 %, P.  gallaeciensis LMG 23163T) 

AM944024 / Z93440 
AM944025 / AJ542506 
AM900415 / AY005463 
AM904562 / Y13244 
AM905330 / AB255399 
AM905333 / AB255401 
AM943630 / DQ981486 
AM944026 / DQ916141 
AM944027 / DQ916141 
AM944028 / Y132244 

V (n = 5) 
VI (n = 29) 
VII (n = 3) 
VIII (n = 5) 
IX (n = 28) 
X (n = 30) 
XI (n = 15) 
XII (n = 4) 
XIII (n = 6) 

Actinobacteria (0.588 ± 0.207) 
Firmicutes (0.666  ± 0.148) 
Firmicutes (0.723  ± 0.204) 
Firmicutes (0.633  ± 0.154) 
Firmicutes (0.747  ± 0.157) 
Actinobacteria (0.508 ± 0.256) 
Actinobacteria (0.697 ± 0.210) 
Flavobacteriaceae (0.400  ± 0.113) 
NO MATCH 

R-25598 (331 bp, 99.7 %, Arthrobacter oxydans ATCC 14353T) 
R-25657 (1488 bp, 99.0 %, Staphylococcus cohrii CCUG 7322T) 
R-25600 (464 bp, 99.6 %, Bacillus finnus LMG 7125T) 
R-25542 (1504 bp, 99.0 %, Bacillus pumilus LMG 7132T) 
R-28766 (466 bp, 99.8 %, B. pumilus LMG 7132T) 
R-25593 (1474 bp, 99.0 %, Frigoribacterium faeni KMM 3907T) 
R-26170 (425 bp, 99.5 %, Arthrobacter agilis LMG 17244T) 
R-28796 (1360 bp, 99.8 %, Maribacter dokdoersis DSM 17201T) 
R-26150 (458 bp, 99.5 %, Winogradskyella poriferorum JCM 12885T) 
R-26154 (462 bp, 99.6 %, W.  poriferorum JCM 12885T) 
 

AM944029 / X83408 
AM944030 / AY688045 
AM944031 / D16268 
AM944032 / AM237370 
AM944033 / AM237370 
AM944034 / AM410686 
AM944035 / X80748 
AM944036 / AY960749 
AM944037 / AY848823 
AM944038 / AY848823 

XIV (n=23) 
XV ( n = 7) 

Gammaproteobacteria (0.336  ± 0.150) 
NO MATCH 

R-28056 (437 bp, 100 %, Marinobacter hydrocarbonoclasicus DSM 8798T) 
R-25570 (477 bp, 98.9 %, Exiguobacterium aurantiacum CCUG  44910T) 
R-25587 (464 bp, 98.9 %, Exiguobacterium acetylicum CCUG  32630T) 
R-25588 (455 bp, 98.9 %, E. aurantiacum CCUG  44910T) 

AM944039 / X67022 
AM944040 / X70316 
AM944041 / X70313 
AM944042 / X70316 

XVI (n = 6) 
XVII (n = 4) 

Gammaproteobacteria (0.186  ± 0.111) 
Gammaproteobacteria (0.074  ± 0.055) 

R-28040 (469 bp, 99.9 %, Idomarina  loihiensis DSM  15497T) 
R-28770 (1507 bp, 99.8 %, Marinobacter koreensis DSM  17924T) 
R-28768 (1506 bp, 99.8 %, M. koreensis DSM  17924T) 

AM944043 / AF288370 
AM944523 / DQ325514 
AM944524 / DQ325514 

XVIII (n = 3) 
XIX (n = 4) 
XX ( n = 2) 
UC‡ (n =14) 

Gammaproteobacteria (0.140  ± 0.047) 
Gammaproteobacteria (0.382  ± 0.105) 
Gammaproteobacteria (0.324  ± 0.042) 
 

R-26152 (346 bp, 98.8 %, A. macleodi LMG  2843T) 
R-28020 (613 bp, 98.9 %, Pseudoalteromonas sp LMG  2853T) 

AM944044 / X82145 
AM944045 / DQ011614 
AM944046 / M93352 
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Three hundred and eighty clones of the clone library were picked up and randomly 10 
percent (40 clones) were selected for 16S rRNA gene sequence based identification 
(Table 2.2, Fig. 2.2). Comparison of the obtained 16S rRNA gene sequences with public 
databases demonstrated that the clones represented Gammaproteobacteria (19 clones), 
Alphaproteobacteria (14 clones), Flavobacteriaceae (3 clones) and Firmicutes (4 clones). 
The alphaproteobacterial fraction of the clone sequences represented bacteria belonging 
to the Roseobacter lineage whereas the majority of the gammaproteobacterial clone 
sequences were identified as uncultured Gammaproteobacteria or as members of the 
genus Alteromonas. 
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